Seventy-two Rambouillet ewes were fed one of two different levels of energy and protein during gestation to determine the effects of maternal undernutrition on growth and development in their offspring. Levels of energy and protein for the two groups of ewes were: 1) 70% of National Research Council (NRC) requirements 30 d prior to breeding and the first 100 d of gestation and then alfalfa hay fed at 70% of the average consumed by group 2, and 2) 100% of NRC requirements 30 d prior to breeding and throughout gestation. Dissection data from the leg and muscle characteristics were recorded for each lamb. Neither dissected muscle and fat percentages nor proximate analyses of dissected muscles was influenced by ewe undernutrition during early pregnancy. However, the reduced conception rate, increased embryonic/fetal mortality, decreased birth weights and increased lamb mortality resulted in a severe reduction in kilograms of lamb per ewe bred. Feeding ewes 70% of NRC requirements during gestation resulted in lambs with heavier semitendinosus muscle weights, larger muscle fiber diameters and shorter sarcomere lengths than in lambs from adequately fed ewes. No influence of ewe diet, birth type or sex was observed for proportions of muscle fiber type (~R, aR or aW). Therefore, lov~ level feeding of ewes during early gestation had no detrimental effects on the carcass or muscle fiber characteristics of their lambs at slaughter.
Introduction
It is well established that growth of the fetal lamb is reduced by inadequate nutrition of the ewe (Wallace, 1948a; Everitt, 1967 Everitt, , 1968 Alexander, 1974 ) and this could result in fatter, lighter-muscled lambs at slaughter. The effects of maternal undernutrition could be a result of reduced muscle fiber numbers because it is during the prenatal period that muscle fibers are established (Ashmore et al., 1972; Swatland and Cassens, 1973) . In addition to muscle cellularity, the proportion of muscle fiber types could be altered by inadequate prenatal nutrition. Slow oxidative (/3R) fibers develop earlier than other fiber types (Ashmore et al., 1972 ). An increase in smaller /3R fibers and a decrease in larger fast oxidative-glycolytic (~R) and fast glycolytic (aW) fibers could decrease growth rate and muscle mass because the latter fiber types increase in size faster than/3R fibers during muscular hypertrophy (Hawkins, 1982; Field et Received June 20, 1986 . Accepted December 17, 1986 . al., 1985 . Powell and Aberle (1981) reported that prenatally stunted runt pigs had lower numbers of aR and ~W fibers than normal birth weight littermates. Nevertheless, rat data derived from nutritional restriction during gestation and lactation show marked impairment of muscle growth and ultimate size without affecting muscle fiber number (Beermann, 1983) .
Data showing the effects of maternal undernutrition during early pregnancy on muscle cellularity and fiber type in sheep should be of value in making management decisions. Western range ewes are normally managed so that the first 100 d of gestation occur when forage is limited. Consequently, varying degrees of prenatal stunting could occur during this critical time that might be related to reduced fiber numbers. Some indirect evidence that limiting nutrients to the lamb fetus influences postnatal performance is available from growth rates of single and twin lambs. Singles grow faster than twins after birth (Hammond, 1932; Wallace, 1948c) . However, carcass composition of single and twin Iambs when slaughtered at the same weight is not different (Field et al., 1963b; Botkin et al., 1969) .
The purpose of this research was to determine if the compromised fetal development that results from undernutrition of ewes during early gestation results in reduced muscle mass, increased fat, decreased muscle fiber numbers or altered muscle fiber types in lambs at slaughter.
Materials and Methods
Seventy-two 6-yr-old grade Rambouillet ewes were shorn, randomized into two groups and fed different levels of energy and protein during gestation. Thirty days prior to breeding 36 ewes were fed 70% of the National Research Council (NRC, 1975) recommended energy and protein requirements (group 1) and 36 ewes were fed 100% of the requirements (group 2). A maternal undernutrition of 70% of the NRC (1975) requirements was chosen because previous experience had shown that this was the greatest degree of restriction that we could impose and still keep lamb mortality low enough to obtain a sufficient number of lambs for the study. Both groups were fed chopped, native grass hay at their assigned dietary level. Prebreeding dietary restriction of group 1 ewes was to reduce body fat reserves. All ewes in both groups had weaned Iambs in October, had grazed on native Wyoming range and were not excessively fat. Condition scores of all ewes were recorded at breeding based on muscle and fat cover over the loin region as estimated by feeling the vertical spinous processes and the horizontal transverse processes. A score of 1 was assigned to poor condition ewes, 2 to average condition ewes and 3 to good condition ewes.
In December, after 30 d on their assigned diets in outside lots, ewes were exposed to vasectomized marker rams. As ewes expressed estrus they were bred to one of two half-sib Suffolk yearling rams. Bred ewes were transferred to individual elevated, expanded metal crates (1.22 • 1.22 m) in a temperature-controlled barn (15 C) where daily feed intakes and biweekly ewe weights were recorded. Ewes were re-exposed to the intact rams 14, 15, 16 and 17 d after breeding.
Ewes in crates were individually fed according to their metabolic weight (body weight, kg'TS). Chopped native grass hay contained 6.84% crude protein, 43.2% total digestible nutrients (TDN), .47% calcium and .12% phosphorus on a dry matter basis. In addition, each ewe received salt, a trace mineral and vitamin A, D and E supplement free-choice. Diets of individual ewes were adjusted at 2-wk weigh periods to ensure that during the first 100 d of gestation group 1 ewes were losing weight and that group 2 ewes maintained weight.
Six weeks prior to parturition both groups of ewes were switched to chopped alfalfa hay. Chopped alfalfa hay contained 15% crude protein, 62% TDN, 1.29% calcium and .20% phosphorus on a dry matter basis. Group 1 ewes were fed 70% of the average of alfalfa hay consumed by group 2, which was fed ad libitum. Feeding rates were adjusted at each biweekly weighing interval. Four weeks prior to parturition all ewes were supplemented with .5 kg of ground shelled corn per day to help prevent pregnancy disease and increase lamb survival. Corn contained 11% crude protein, 91% TDN, .06% calcium and .29% phosphorus on a dry matter basis. As ewes lambed they were transferred to common outside lots and fed chopped alfalfa hay ad libitum and .5 kg of corn per ewe per day.
Male lambs were castrated at 3 d of age and all lambs were vaccinated with clostridium perfringens type C and D and ovine ecthyma. Lambs were creep-fed the first 60 d, weaned and fed ad libitum an 18% crude protein diet of soybean meal, corn, barley, dehydrated alfalfa pellets, oats and salt. Lambs were weighed every 2 wk until they reached 58.5 kg; they were then shorn and slaughtered in the university abattoir. Birth weights and postnatal growth of the lambs were reported by Nordby et al. (1986) . 
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Figure 2. Cross-sectional area at the extensor carpi radialis muscle midlength where samples were removed for fiber diameter measurements and staining.
the semitendinosus muscle and from position 1 (figure 2) of the extensor carpi radialis muscle from the left side immediately after slaughter. They were tied to wooden sticks, quick-frozen and stored in liquid nitrogen for histochemical analysis.
Transverse muscle fiber sections from the three positions in the semitendinosus and one position in the extensor carpi radialis were cut 10 to 12/~m thick using a cryostat. Serial sections were mounted on glass cover slips and allowed to air dry. The first section was stained with NADH tetrazolium reductase (Engel and Brooke, 1966) . The second section was stained with myofibrillar ATPase reacted at an alkaline pH (Guth and Samaha, 1970) . Fibers were typed on the basis of stain reactions as ~R, aR and aW. Approximately 100 adjacent fibers were counted per muscle location and percentages of each fiber type were calculated.
Representative areas of each of the three positions of the semitendinosus muscle (figure 1) were photographed using a microscope 1 in the bright-field mode. Areas of 50 adjacent aR and 0tW fibers in each of the three positions were measured in the photomicrographs stained for ATPase activity. Photomicrographs seldom contained 50/3R fibers, but all fir fibers in each photomicrograph were measured. Fiber areas Olympus Vanox. a Ladd Microcomputer Graphic Data Analyzer. 3 Waring.
were measured on the photomicrographs with a digitizer 2 linked to a computer.
Mean packing density of muscle fibers within an area of .44 mm 2 in each of three photomicrographs were used together with midlength area of muscle to determine apparent muscle fiber numbers. The method was similar to that described by Swatland and Kieffer (1974) . The following formula was then used to approximate fiber numbers in semitendinosus muscle: midlength muscle area total area of three photomicrographs number of apparent number fibers in = of fibers in photographs cross-sectional area of muscle Total area (.44 mm 2) in each of three photomicrographs minus area of the muscle fibers in the photomicrographs was used to calculate area not covered by muscle fibers.
Semitendinosus and extensor carpi radialis muscles were physically separated from the right side 48 h postmortem. The muscles were weighed and then frozen. Surface areas were obtained by sawing across the frozen muscles at their midlength at right angles to their length. The muscle areas were traced on acetate paper and measured using a compensating polar planimeter.
Mean fiber diameters and sarcomere lengths were measured on samples taken from the semitendinosus and extensor carpi radialis muscles 48 h postmortem. A cross-section of each muscle at the midlength was placed in a .85% saline solution and the fibers were teased apart in a blender 3 (Tuma et al., 1962) . Aliquots of saline solution containing individual fibers were transferred to microscope slides and 50 randomly chosen individual fibers were measured at a magnification of 450x. Sarcomere lengths on 20 of the muscle fibers were also measured by recording length of eight to nine adjacent sarcomeres on each fiber.
The right hind leg was removed using the cutting procedure recommended by Kemp (1952) . Physical separation of muscle, fat and bone from the hind leg was used as an index of body composition (Barton and Kirton, 1958; Field et al., 1963a) . Total physically separated muscle, including the previously dissected semitendinosus muscle, was then ground through a 1.27-cm plate, mixed, subsampled and homogenized for ether extract, moisture, ash and crude protein determinations (AOAC, 1975) .
Data were analyzed using least-squares analysis of variance with unequal subclass numbers (Harvey, 1975) with a model that included ewe diet group, birth type (single or twin), sex (wether or ewe), sire and year as main effects. Interactions between ewe diet group, birth type and sex were also tested. Duncan's new multiple range test (Steel and Torrie, 1980 ) was used to detect differences between means.
Results and Discussion
Dietary effects on body weights of the ewes are shown in table 1. Thirty days prior to breeding, ewes in both groups were similar in weight. Ewe condition scores were obtained at the time of breeding. Group 1 ewes were in poor condition; group 2 ewes had slightly higher condition scores. At breeding, ewes in group 1 were losing weight, while group 2 ewes maintained their weight. Ewes in group 2 gained normally throughout gestation consistent with results reported by Koritnik et al. (1981) . Group 1 ewes had lower (P<.05)body weights than ewes in group 2. Restricted nutrition of group 1 ewes in early gestation was intended to stunt fetal lambs during the critical time of muscle fiber hyperplasia. However, we do not know if fetal lambs in the current study compensated between d 100 and birth for at least part of the early prenatal stunting. The fewer lambs born to the restricted ewes was a reflection of nutritional stress prior to breeding and throughout gestation. Higher neonatal mortality of lambs from ewes nutritionally restricted during gestation was the result of lighter, weaker lambs at birth and the ewe's inability to produce sufficient milk. A number of researchers (Wallace, 1948a, b,c; Palsson and Verges, 1952; Russel et al., 1967; Sertich, 1979) have demonstrated that poor maternal nutrition during pregnancy results in reduced lamb birth weight, lower ewe milk production and higher neonatal lamb mortality.
Lambs from group 1 required 18 d longer to reach the slaughter weight of 58.5 kg than did lambs from adequately fed ewes (table 2) . While the .6-kg lighter average birth weights for lambs from group 1 ewes was partially responsible, the major factor influencing age at slaughter was rate of gain per day from weaning to slaughter (data not shown). During this period, lambs from group 1 gained less (P<.05) than lambs from group 2. These findings support the work of Mellor (1983) , who concluded that a variety of different types of maternal underfeeding reduced the lamb's growth rate irreversibly. bBecause number of lambs varied, standard errors within ewe diet group, birth type and sex varied. The average standard error over diet, birth type and sex is listed.
COnly 1982 data were used (n=25).
d'eMeans on the same line with different superscripts within diet, birth type and sex are different (P<.05).
Birth weights by birth type within ewe diet group were calculated (Nordby et al., 1986) . Single lambs from group 2 had the heaviest (P<.05) birth weights (6.0 kg) but twins from group 2 and singles from group 1 did not differ (P<.05) in birth weight. Twin lambs from group 1 had the lowest (P<.05) birth weights (4.0 kg) when compared with birth weights of the previous three groups. No significant interactions between diet group and birth type in weaning weight or growth rates were observed.
Percentages of dissected muscle and fat from the hind leg of lambs by diet group, birth type and sex were similar (table 2). A lower (P<.05) percentage of bone in legs of lambs from group 1 than in lambs from group 2 existed. No differences in fat depth, kidney fat percentage or percent muscle, bone or fat were observed between single and twin lambs. Percentages of dissected muscle and fat from the leg were also similar for wether and ewe lambs, but ewe lambs had a greater fat depth over the 12th rib and a higher kidney and pelvic fat percentage than wethers, confirming previous research (Judge et al., 1966; Hawkins, 1982) .
Percent ether extract, moisture, ash or protein were not different for dissected muscle of lambs from the two ewe diet groups (table 2) . In addition, fat-free muscle percentage was not different between the two diet groups.
Semitendinosus muscle weights were heavier (P<.05) in lambs from group 1 than in lambs from adequately fed ewes (table 3) . Semitendinosus muscles of lambs from group 1 also had larger (P<.05) mean fiber diameters and shorter (P<.05) sarcomere lengths than muscles of lambs from adequately fed ewes. No significant interactions between diet, birth type and sex for muscle weight, fiber diameter or sarcomere length were detected.
Larger mean fiber diameters in older, slowergrowing lambs confirms the work of Hegarty and Allen (1978) , who found that larger muscle fiber diameters were associated with slower growth rates in runt pigs when compared with normal birth weight littermates. Muscle fiber areas and muscle weights could be larger because the lambs were 18 d older, but no evidence to show that older animals have heavier muscles than younger animals at similar weights bBecause number of lambs varied, standard errors within ewe diet groups, birth type and sex varied. The average standard error over diet, birth type and sex are listed.
CCross-sectional area was measured at the midlength of the muscle.
exits so the reason for this difference is not apparent. No differences in muscle weight, area, fiber diameter of sarcomere length were observed in the extensor carpi radialis muscle of lambs by ewe diet group (table 3) . The results suggest that some muscles (semitendinosus) may be affected more than others (extensor carpi radialis) by prenatal nutritional deficiencies.
Ewe lambs had larger (P<.05) muscle fiber diameters in the semintendinosus and extensor carpi radialis muscles than wethers (table 3) . Solomon et al. (1981) and Hawkins (1982) also found that ewe lambs had larger muscle fiber diameters than wethers.
Muscle fiber areas within fiber types of the semitendinosus muscle were not different between lambs from different ewe diet groups or birth types, indicating that prenatal nutrition and environment had little effect on muscle fiber growth (table 4) . Vimini (1984) also concluded that restricted diets during the first 80 d of gestation or the last 50 d of gestation had no affect on muscle fiber types in lambs.
Ewe lambs had larger (P<.05) ~R fiber areas in position 1 and position 3 of the semitendinosus muscle and larger (P<.05) 0tR and 0tW fiber areas in position 1 than wethers. Conversely, Moody et al. (1980) found that male lambs had larger fiR fibers than females, but these differences were small.
Single lambs from group 1 tended to have fewer apparent muscle fiber numbers in the cross-sectional area of the semitendinosus muscle at the midlength than single lambs from adequately fed ewes (table 5) . Everitt (1968) reported that newborn lambs from severely undernourished ewes had fewer muscle fibers per unit area of muscle than newborn lambs from ewes receiving high levels of nutrition during pregnancy. He estimated fiber number at or shortly after birth, whereas lambs in this study were analyzed after they had attained market weight. The problem of elongation and overlapping of intrafascicular terminating fibers has been elucidated by Swatland and Cassens (1972) . They showed that from birth to slaughter apparent number of muscle fibers in the cross-sectional area at the midlength of the muscle increased. Therefore, the elongation and overlapping of intrafascicular terminating fibers could have diluted the differences in apparent muscle fiber numbers between lambs from ewes in groups 1 and 2. Intrafascicular muscle space taken up by blood vessels, nerves and connective tissue investment was 5.7 to 6.4% of the total muscle area. Differences between groups were not tested statistically, but they would be inversely related to differences in fiber areas. The difference between .44 mm 2 (area measured in each of the photomicrographs) and total area of fibers in the photomicrograph is intrafascicular space. Ewe iambs had fewer (P<.05) muscle fibers per unit area in the semitendinosus muscle than wethers. Everitt (1968) found that ewe lambs had 15 to 18% fewer muscle fibers in the semitendinosus muscle cross sectional area than wethers of the same age and weight. This apparent reduction in muscle fiber numbers could account for reports of ewe lambs having less muscle than wether lambs (Judge et al., 1966; Oliver et al., 1967) .
Interactions between birth type and ewe diet groups are shown in table 5 for semitendinosus CArea was measured at the midlength of the muscle. dApparent number of muscle fibers in the cross-sectional area at the midlength of the semitendinosus muscle.
e'fMeans on the same line without a common superscript differ (P<.05). bBecause number of lambs varied, standard errors within ewe diet group, birth type and sex varied. The average standard error over diet, birth type and sex is listed. muscle characteristics. No interactions were observed between semitendinosus muscle weights. Single lambs from group 1 had larger (P<.05) semitendinosus muscle fiber diameters at market weight than similar weight single and twin lambs group 2. Both single and twin lambs from undernourished ewes tended to have fewer apparent muscle fiber numbers per unit per area than single lambs from adequately fed ewes.
Percentages of muscle fiber types: /3R, aR and t~W in the semitendinosus and extensor carpi radialis muscles did not differ among lambs by diet group, birth type or sex (table 6) . Vimini (1984) studied the effects of undernutrition in lambs from ewes fed 75% of NRC (1975) requirements during the first 80 d of gestation. Lambs slaughtered at 41 kg or 55 kg did not differ in percentages of/3R, aR and aW fibers in the semitendinosus muscle. However, Powell and Aberle (1981) reported that prenatally stunted runt pigs had higher percentages of/3R fibers and lower percentages of ctR and t~W fibers than normal birth weight littermates.
Percentage of/3R fibers in the semitendinosus muscle varied by anatomical location within muscle. There were approximately 5%/3R fibers in position 3 (near the subcutaneous fat layer) and approximately 17% ~R fibers in position 1 (proximal portion near femur). Similar changes in fiber types within locations of semitendinosus muscles of pigs were reported by Beecher et al. (1968) .
Overall, low-level feeding of ewes during early gestation had no detrimental effects on muscle fiber characteristics of their marketweight Iambs. The lambs did take 18 d longer to reach market weight. In addition the reduced conception rate, increased embryonic/fetal mortality, decreased birth weights and increased lamb mortality resulted in a severe reduction in kilograms of lamb per ewe bred. 
